The application of Penman's method of cell fractionation to plant protoplasts leads to our finding of keratin intermediate filament(IF)-like system in maize protoplasts, which was identified by using immunogold labelling with monoclonal antibody of cytokeratin from animal cells. Many gold particles were found to be bound on filaments, linked by 3 nm filaments. After further digestion and extraction with DNase I and ammonium sulphate, IF-like framework-lamina-nuclear matrix system was shown under electron microscope. That IF system exists in plant protoplasts just like in animal cells, and their main component is keratin-like protein.
INTRODUCTION
Since Ishikawa et al. (1968) found 10 nm filaments in animal cells, and termed it as "intermediate size filaments" [1, 2] , many scientists have focused their attention on the morphology and function of this intermediate filament [3, 4] (IF). In most of the past works, IFs were found to be densely distributed around cell nuclei using immunofluorescence, so that IFs were thought to act as support framework for the anchorage of the nucleus. S. Penman et al. had developed a procedure for cell fractionation and got a complex of nuclear matrix and IFs called NM-If scaffold. Under electron microscopy, by using this method, an IFs-lamina-nuclear matrix system could be shown in animal cells e.g. HeLa cells [5] [6] [7] [8] [9] .
But for the past twenty years, no one has demonstrated that IFs are existed in plant cells using electron microscopy directly. In 1985, Dawson et al. showed that anti-IF reacted with polypeptides present in a high salt Triton X-100 insoluble fraction in higher plant Allium cepa [l0] . Miller et al. demonstrated the similar result existed in algae Chlamydomonas [11] . It indicated that some evolutionary conservative proteins, just like the proteins of IFs in animal cells i.e. keratin, vimentin, existed in some plant cells. However it needs much more evidence to prove IFs in plant cells. Besides all these, so far no one ever either studied morphological characteristics or even completely identified that 10 nm filaments in plant cells.
Here we applied the method for cell fractionation to show IFs in maize protoplasts. At the same time, we succeeded in identifying IFs using immunogold labelling with monoclonal antibody of cytokeratin which has not been reported so far.
MATERIAL AND METHODS

Plant materials and protoplast isolation:
Maize (Zea may L.) was grown in soil in a greenhouse within a day-night temperature range of 25℃ to 12℃. Leaf tissue was taken four weeks after planting. Six to nine leaves at a time were sampled, stacked, and cut by hand into small segments about 0.7 mm in width and then subjected to enzyme medium which contained 0.5 M sorbitol, 1 mM CaCl 2 , 0.1% BSA, 2% cellulase (Onozuka R-10), and 0.3% pectinase (Sigma, pH 5.0) by incubating in a conical flask on a shaker (30 rpm) at 20℃.After 10-20 hours, digestion mixture was filtered using a 37 μm nylon mesh. The filtered protoplast, being free from wall remnants as judged by cal-cofluor staining [13] , was washed five times by centrifugation (300×g for 3 min.) in the isolation medium without enzymes (washing buffer): 0.5 M sorbitol, 1 mM CaCl 2 ,and 5 mM Hepes-KOH (pH 7.0)
Protoplast fractionation:
Washed protoplasts were attached to formvar/carbon-coated grids with poly-L-lysine. After 20 min, unattached protoplasts were then washed off by two rinses in washing buffer used in protoplast preparation. Protoplast extraction was essentially as descrided by Fey et al.[5] with some modification by Zhai et al.[7, 8, 9] . All steps were made at 4℃.Protoplasts were extracted in cytoskeletal (CSK) buffer (10 mM PIPES, 100 mM KCl, 300 mM sucrose, 3 mM MgCl 2 , 1 mM EGTA, 1.2 mM phenylmethylsulfonyl fluoride, and 0.5% (v/v) Triton X-100, pH6.8) for 2-3 min, then extracted in RSB-Magik (42.5 mM Tris, 8.5 mM NaCl, 2.6 mM MgCl 2 1.2 mMphenylmethylsulfonyifluoride, 1% (v/v) Tween 40, and 0.5%(v/v) sodium desoxycholate pH 8.3) for 5 minutes. DNase I digestion (200 μg/ml DNase I) proceeded for 20 minutes at room temperature before ammonium sulfate was added to a final concentration of 0.25 M in digestion buffer(the same as CSK buffer except with 50 mM NaCl instead of KCl) and incubated further for 3-5 minutes. This step removes the chromatin fraction and leaves the nuclear matrix IFs structure intact.
Immunogold labelling for electron microscope:
After extraction, protoplasts were fixed with 0.1-0.2% glutaraldehyde for 1-2 minutes, rinsed with NaBH 4 (0.5 mg/ml) in PBS for 5 minutes to wash out excess glutaraldehyde incubated withmonoclonal antibody of cytokeratin (Kindly given by Dr. Sun T.T., professor of New York University Medical Center) at 37℃ for 30 minutes, and then incubated with colloidal gold-protein A (Sigma) for 20 minutes. After this , the grids were washed five times for a total of 25 minutes in CSK and 1% bovine serum albumin, then fixed in 2.5% glutaraldehyde in CSK buffer, and postfixed in 1% OsO 4 in 0.1M sodium cacodylate, dehydrated in ethanol, dried through CO 2 critical point, sample was then processed for whole mount TEM observation, examined with a JEM-100CX transmission electron microscope. Control studies were performed by substituting PBS or non-immunized serum for antibody.
RESULTS AND DISCUSSION
10 nm filaments and immunogold labelling
Protoplasts pellet was suspended in an equal volume of washing buffer and one drop of this suspension was placed onto each poly-L-lysine-coated grid. We used Penman's method for cell fractionation with some modifications. After plant cells were treated with CSK-Triton and RSB-Magik solution, a delicate IF-like network could be shown in cytoplasm when viewed by TEM. Cytoskeletal network was mainly composed of 10 nm filaments consistent with IFs of animal cells. They formed side to side, but no side to end anastomoses (Fig. 1) . The diameters of the single fila- Fig. 1 Electron micrograph of extracted maize prtoplasts.
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14 Keratin intermediate filament-like system in maize protoplaste ments were about 10 nm. The individual IF often joined together to form bundles of filaments by side to side anastomoses (Figs. 1, 2) . Filament ends were rarely observed except when they were broken by the bombardment of the electron beam, indicating that these IF-like filaments run for long distances through the cells. After immunogold labelling, a great number of gold particles (5-7 nm) were found to be bound to IF-like filaments ( Figs, 1-3 ). This demonstrated that these 10 nm filaments were very similar to IFs in animal cells, and their main component was keratin. The immunogold staining was not evenly distributed, with more gold particles crowded together at certain place on some filaments and with only fewer scattered particles on other filaments. We suggested that cytokeratin distribution is uneven in IF-like filaments of plant cells. All these have not been reported before.
IF-like filaments-lamina-nuclear matrix system in plant cells
After further extraction by DNase I and 0.25 M ammonium sulfate, chromatin was removed. An IF-like filaments-lamina-nuclear matrix system appeared. The nuclei maintained their shape and position, and were spatially anchored by cytoskeletal network. It is very interesting that nuclear matrix was also connected with lamina (Fig. 2) . So in plant cells (maize protoplasts), there exists an independent IF-like filament-lamina-nuclear matrix system, which is a Triton X-100-resistant skeletal framework, and also a nuclease and salt-resistant NM-IF scaffold. By using immunogold labelling, many gold particles could be found not only on filaments but also on the surface of plant cell nuclei. No specific binding of gold particles to filaments could be found in the control test. All these 10 nm filaments, lamina and nuclear matrix connected together to form a complete network spreading over cytoplasm and nuclei in plant cells, just like in animal cells.
3 nm filaments, the fourth cytoskeletal element
Thinner filaments of about 3 nm diameter were observed. These thin filaments formed a bridge between 10 nm filaments, making end to side attachments. They also formed T-or Y-shaped branches (Fig. 1,2) . Schliwa et al. demonstrated that 3 nm filaments linked together three major cytoskeletal filaments, i.e. microtubules, IFs and microfilaments [14, 15, 16] . They found that the highest association was with IFs. Protein composition of the 3 nm filaments has not been characterized. Katsuma et al. suggested that 3 nm filaments is the fourth cytoskeleton element [ 17 ] . It seems that this filament playsan important role in major elements of cytoskeleton although the nature of this fourth cytoskeletal element is still obscure. The demonstration of this 3 nm filament in plant cells may will be beneficial for more in depth studies of function and morphlogic characteristics of this element.
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